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Introduction

Traditional Herring Fishing Boat

San Francisco PBay prowides spawning and Iearing
habitat for Califernia’ largest and near southern most
reproductive population of Pacific herring, Clepens pallesi. Lsa
cpecies herring are im portant ecologically and econom ically to
the bay. Em bhryos, larrae, jureniles and aduls are food sources
for a wariety of bird:, m amm als, fiches and invertebrates, San
Francisco Bay's population also supports a Tahiable fichery for
hermming roe, o kezere ke, 2 traditional Tapahese delicacy (Fig.
1). Since the inception of the roe fishery in 1973, the California
Departm ent of Fich ahd Game has conducted annnal eurmeys of
spawhing m San Francisco PEay as part of their ongoing
mohitoring of thiz population and m anagem ent of the fichery.
Thronghout spamning ceacsobi,the Departm ent docum ents the
occurrence and location of spawns, area, substrates nsed, and the biomass of adult spawners

From Hovem ber through M arch, school: of adult Pacific herring enter San Francizco Bay to spawn. Upon
entering, thevy trpically hold in deeper portions of the Bay for up to three weeks to ripen and prepare for spawning.
Spawning takes place along the shoreline in intertidal and shallow subtidal areas of the Bay, primarily betaresen the
Richm ond-5an Eafaelbridge in the north to Candlestick Poit o the couth . Fem ales extrude adhesire egze ob a wariety of
gilt-free subcsfrates, mcludimg: subtidal wegetation such as Fracifaria spp. and eelgrase, rocks, chell fragm ents, and m an-
made sttuchares such as pier pilings, rip Tap, and boathulls . Hemming younhg-of-the-yearrem ain i the Bay into Septem ber
before entering the ocean,

Here wre precenta sum mary ahd analysis of the areas of the Bay utilized by Pacific herring for spawning.

Methods

Spewy Escapement Biomarss Estimaedes, Spawn escapement biom ass refers to the am ount of adult herring
(expresced in chort tons) that spawrn, and are not canght by the fichery. From 1973 through 1978, only intertidal cpawnes
were campled; therefore, these surveys lkely nnderecstim ated spawn escapem ent biom ass. Since 1979, mbtidal spawne
hare been inchded in the surveys. Searches for herring spawh activity are conducted by Departm ent of Fich and Gam e
(DF ) biologiste from Hovember through March each year, approxim ately four days per wreek, during lowr tide. The
Prim ary search area for spawning activity lies betwreen the Eichm ond-5an Eafael Bridge in the north to Candlestick Point
to the sounth. Locations ontside of this prim ary search aTea are checked mrhen meports of spawning activity are receired by
the DFG biologists from fishermen or the interested public, Because this entie area cannotbe covered in a single lowr
tide, portions are searched on a rotating bacsis,

Spawns are located and sampled by finding em bryos on warious substrates exposed at low tide or on subtidal wezetation,
which is often preceded by the sight of m it o the water, bird and m am m al feeding activity, andfor fishing in the area.
Spawns are campled and their ateas determ ined based on the methods of Spratt (1981 ) with ¢light m edifications described
by Watters and O0da (1997 ). Samples are need to caleulate the vum ber of em bryos per square m eter, which iz expanded to
ak estim ate of total embryos cpawned, tak g mto consideration the sabetrate spawned nupon. This ectim ate iz then used to
back-calculate the tons of adult spawrners using the formula:

1
Fr(fiPlxi(gfblx(lbsfshort ton)

where!
F o= fecundity (113 eggs/ghody wi, males and females combined )
Fe percentfemales in a given spawning mn
F=percentfemales in population fassumed to he 5075

Spawning Regions in San Francisco Bay

To analyze the use of San Francizsco Bay by Pacific
herring for spawning, we sorted spawn data into
four regions; (1) Horthem Central Bay iz the area
between Point Bonita ountside the Golden Gate and
the EREichmond-San EREafael bridge and includes
Angel Island and Richmond; (23 San Francisco
extends from the couth cide of the Golden Gate to
Candlestick Point and inclades Treasure Island and
Werba Buena Island; (3) East B ay mcludes Eastern
Central Bay from the Berkeley flate to Bay Farm
Izland; and (4) South Bay mcludes the wrestemn
choreline of the Bay south of Candlestick Paoint.
Simce 1973, Pacific herring spawns have heen
recorded by DEFG from as far north as Pomt San
Pablo and as far south as Eedwrood. City. For each
reproductive seasoh, peIcehtages Pel aTed Wele
calenlated based on  total spawn  escapem enht
ectim ate for that seacon.
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Reproductive Season
Spawn escapem eht biom ass éstim ate s have ranged from a high of 89,080 tons in
1981 -82 to a lomr of 2 536 tons m 1997-98 . Lows often coincided writh wrarm -wrater
or El1Hino ements

Percent Spawn Activity hy Month
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For the entire study period, peak spawning occurs during Tanuary, followed by
December and Febriary Bars are the wreighted averaze of percentage spawhn
by m onth for each year of the surveys, Error bars = std error.

Spawn Escapement Biom ass by region for each vyear the study
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Reproductive Season

MHorth Central Bay Thronghout the study period, the Horthern Central Bay hac héen the m ost
concistently need by Pacific herring for cpawnimg, with spawhe recorded there ewery seacon of the
study . The m ajority of spawning activity in the Bay has been recorded in thic region for 15 of the 27
seasons of the study,; in particular the period from 1973 through 19282, In recent seasons, the m ajority
of spamrnihg has occurred in this area during the 1927-28 and 199292-00 seasons.

San Francisco The San Francisco waterfront has also been consistently used by hemmring, spawning
has beenrecorded inthicregion for 21 of the 27 ceacons of the study. From 1982 through 1991, San
Framcisco was the predom inant spamwhing e gioh for herring in the Bay, exceeding 50% of the total
spawh eccapem ent biom ass recorded for each season durmgz that period. M ore recently, the majority
of herring spawning activity has occurred e San Francisco during the 19296-97 and 1995%-99 seasons.
Daklind/tlham eda Spawning activity increased in the Oakland/Alameda region from 1987 through
19946 and thiz was the predom mant regioh nged in the 1991-92 ceacson. Howewer, little or no
spawhing has beenrecorded in the Oakland/h lam eda region since 1996,

Sounth Bay PacHic hemming spawnimg has beeh Tecorded in the South B ay for 2 of the 27 seasons of
the study. Spawns it the South Bay have been recorded at Oyster Point, 5 ierra Point, Covyote Point,
and at Eedwood Cibr.

Average Regional Spaw ning in San Francisco Bay
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Onan average percentbasis, the m ajority of spawhing activity has taken place m the
Hortherm Central Bay and San Francicco, wih 53% of spawn escapement biom ass
recorded in the Horthern Central Bay, and 34% recorded i the San Francisco
wraterfront

Discussion

A lthough the majority of docum ented PacHic hermrihg spawns are located bebtwreen Point San
Pablo and Redwood City, ovmer the years DFG receires anecdotal reports of spawnmg beyond this
range, fuch reports for the mostpart have been unconfirm ¢d. While the m ajority of spawning i San
Francisco Bay has been docum ented mm the Horth Central Bay and San Francisco regions, the
importance of all Tegions where spawning occurs to the subfeguent surriral of herring embryos and
larmae iz not wrell-understood. B oortality at the embryonic and larmal stages can be high (Hardwrick
1273, and suarriral is affected by a wariety of factors, including salimity and tem peratare, density of
spawn, tarbidity, desiccation, predation, circulation pattern:, and anthropom orphic factors such as
creasote [(Wines, et al. 2000). San Francisco Bay iz near the southern end of the range for Pacific
herring and conditions for surriral here are m ore wariable and extrem e than in m ore northerly latitndes.
Thiz may explain why San Francisco Bay hermming spawh over a protracted period of time com pared to
ther northern counterparts, as a mweans of imcreasmg the chahce of spawn success. For the csame
Teason, it is also possible that less-freguently used spawnig regions of the Bay may be egually
importantto Pacific herring reproduction as those most fTegquently used.
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